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Abstract: This review gives a concise introduction to the state-of-art techniques used for surface texturing, e.g.,
wet etching, plasma etching, laser surface texturing (LST), 3D printing, etc. In order to fabricate deterministic
textures with the desired geometric structures and scales, the innovative texturing technologies are developed
and extended. Such texturing technology is an emerging frontier with revolutionary impact in industrial and
scientific fields. With the help of the latest fabrication technologies, surface textures are scaling down and more
complex deterministic patterns may be fabricated with desired functions, e.g., lotus effect (hydrophobic), gecko
feet (adhesive), haptic tactile, etc. The objective of this review is to explore the surface texturing technology and its
contributions to the applications.
Keywords: microfabrication; surface texturing

1

Introduction

Surface texturing is a well-known engineering
technology for enhancing the tribological properties
of mechanical components, i.e., wear resistance and
friction reduction, and for creating lubricant reservoirs
or pockets, see Refs. [1−7]. The functionality of the
engineered surfaces defines specific characteristics
of the surface texturing process, such as enhancing
the lifetime of bearing components [8], or increasing
formability of steel [9]. With the development of new
and existing fabrication technologies, surfaces with
detailed micro-topography can be fabricated as
* Corresponding author: S. ZHANG.
E-mail: s.zhang@utwente.nl

micro-pits or grooves to effectively improve the
tribological properties [10]. As the surface texturing
techniques developed and expanded over the years,
the functionality of surface topography can be further
comprehended and more applications appeared [11−13].
As the result, the textures are scaling-down further and
more complex structures can be produced for broader
applications, including skin friction and tactility [14, 15].
In the field of tactile perception, a substantial amount
of work was conducted to understand how people
explore and perceive the textured counter-surface
by exploring with the finger pads [16]. Klatzky and
Lederman [17] studied the geometric properties of
sandpaper surfaces based on the roughness perception
while measuring behavioral and neurophysiological
responses. In the work of Skedung et al. [18], finger
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friction measurements are evaluated to determine the
relationship between the coefficient of friction (COF)
and surface roughness of a series of printing papers.
Furthermore, Skedung et al. [19] investigated the
relationship between the perceptual dimensions
and the implicated physical dimensions on the microstructured polydimethylsiloxane (PDMS) samples, and
found that people are capable of dynamically detecting
surface structures with wavelength of 760 nm and
amplitude of 13 nm. From the tribological perspective,
the parameters of surface texture including spacing,
amplitude and waviness are influential factors in skin
tribology. The required levels for a polymeric surface
can be seen from Fig. 1. The work of Tomlinson et al.
[20] found that adhesion component of friction is the
predominant mechanism for samples with shallow
ridges of a height lower than 42.5 μm. However, with
greater height, the skin penetration to the texture
ridges increases the amount of hysteresis friction.
Same phenomena are found for the width and size of
the ridges.

2 Skin tribology
Skin tribology is a relatively new branch of tribology—
the science and technology of interacting surfaces
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in relative motion—and the human skin is always
one of the interacting surfaces. The human skin is
a multi-layered living material mainly composed
of epidermis, dermis and hypodermis. The stratum
corneum, the outmost layer of epidermis, is the shield
protecting the entire human body from the surrounding
environment. Since it is directly in contact with the
counter-body, therefore, it serves an important role
in hydration control and in tactile friction. Sensory
receptors lay in the layer of dermis which has a role
in the tribological response. For the layer of hypodermis,
which is the deepest layer of human skin, has the least
influence in skin mechanical properties compared to
the other layers. Overall, the skin behaves in viscoelastic,
non-homogeneous and anistropic manner under load.
In addition, many factors including the body site,
age, hydration level and perhaps nutritional conditions
can affect the tribological behaviour of skin, see the
work of Veijgen [21]. The dynamic friction generated
between the skin and counter-surface is a tangential
force resisting the moving motion. The skin friction
is related to the deformation of the bodies in contact
and generated in breaking the adhesive bonds
between the skin and counter-surface in the microcontacts. It depends on the factors including the
operational conditions, material properties, surface

Fig. 1 Wrinkled-patterned polymeric surfaces with textures for touch perception ranging from nanometers to micrometers [19].
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structures and environmental conditions (refer to
Fig. 2), reflecting the dependence of friction on the
tribological system.
In vivo skin friction measurements were carried out
by many researchers, and friction generated between
the skin and the counter-surface could be categorized
based on the results into two main components:
deformation component of friction and the adhesion
component of friction [22]. The adhesion component
of friction plays the dominant role for both dry and
humid conditions in sliding contacts between skin
and other surfaces [23, 24]. Most experiments are
conducted based on skin in dry conditions, because
most sliding touches for consumers’ products occur
in dry conditions. From the mechanical point of view,
the real contact area is an important factor in the skin
friction, especially the adhesion component of friction.
According to the research, skin friction decreases
with the reduction of the real contact area [15] just as
for other systems where the adhesive component of
friction is dominant [25].
Ff ,adh   Areal

(1)

where Ff ,adh represents the adhesion component of
friction; Areal is the real contact area;  is the interfacial
shear strength. For the interfacial shear strength  , it
has been found to have a linear function of the average
contact pressure ( p )as:

  0  p

(2)

where  0 is the intrinsic interfacial shear strength; 
is the pressure coefficient. After combining Eqs. (1)
and (2), the coefficient of friction can be expressed as
following:
μ
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The adhesion component of friction is directly related
to the real contact area, and the reduction of real contact
area is expected to greatly decrease friction. Therefore,
the surface texture plays an important role in the
tactile friction. With pre-defined deterministic surface
texture, the friction generated between the skin and
micro-structured counter-surface can be manipulated.
Before designing any geometric structures with desired

Fig. 2 Tribological system of skin friction.

functionality on the stainless steel sheet, the knowledge
of basic concepts and feasibility of the micro-fabrication
techniques that allow for predefined, deterministic
textures, are important. As the spine of texture design,
various surface texturing techniques have to be
discussed and studied. In the following sections, the
core texturing techniques for deterministic textures at
the required scale are introduced from retrospective
to the state-of-art, and finally the best suitable
fabrication technique will be selected to produce the
designed deterministic micro-structures on stainless
steel sheet samples.

3
3.1

Micro-fabrication techniques
Micro-casting

Casting is one of the key fabrication techniques for
manufacturing and generally known as lost-mold
technique by using a textured mold with materials
melt into it [26, 27]. First, the mold texture needs to
be produced by other micro-fabrication techniques
including laser surface texturing, 3D printing and
other various micro-fabrication techniques in order
to create the deterministic pattern. In general, the
plastic or wax pattern is produced and embedded in
a ceramic slip. The dried mold will be filled with melt
materials, and the pattern will be lost due to melting
and burning and transfer the texture to the filling
materials. After solidification, the mold is mechanically
removed without damaging the cast surface. Depending
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on the casting and mold materials, additional chemical
cleaning processes may be applied as an extra step.
This technique has been successfully applied for
micro-fabricating miniaturized devices for mechanical
engineering and bio-mimic duplication [28, 29]. For
example of fabricating complicated metal microcomponents, the group of Li et al. successfully
produced a three-dimensional Zn-Al4 alloy microgear
including one gear panel and two gear shafts by using
metal mold micro-scale precision casting method [30].
Another study uses micro-casting technique to replicate
the surface microstructures that contributes to the
lotus leaf effect—superhydrophobicity [31]. The lotus
surface is directly replicated via a two-stage (negativepositive) direct micro-casting method using three
different materials: vinyl polysiloxane (VPS), polydimethylsiloxane (PDMS) and polymethylmethacrylate
(PMMA). During the fabrication process, a negative
template with the microstructures of lotus leaf was
made first by pouring VPS directly onto a section
of the lotus lead. After peeled off the lotus leaf, a
positive template was created by pouring PDMS onto
the cured negative template (refer to Fig. 3). The same
process was used to fabricate PDMS-PMMA replicates.
Under the pattern examination, VPS-PMMA and
PDMS-PMMA replicates display shorter peak heights
and larger base widths with contact angles of 132.1°
and 129.2° respectively.

Fig. 3 Schematic illustration of direct replication and process
sequence [31].
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3.2 Chemical wet etching
Wet etching, also known as chemical wet etching
or liquid etching, uses liquid chemicals or etchants to
perform a material removal process on the sample
[32−34]. The predefined masks with desired textures
are attached to the sample surface before the chemical
wet etching process. Usually, these masks are prefabricated by using lithography technique [35]. During
the etching process, the surface regions not covered by
the masks are etched away to produce deterministic
textures. Meanwhile, multiple chemical reactions are
performed which involve three steps: diffusion of the
etchant to the material surface which is not covered by
the mask; the chemical reactions between the etchant
and the materials have been etched away; Secondary
diffusion of the reacted sample surface.
Chemical wet etching methods can be categorized
into two types: anistropic and isotropic [36, 37]. Both
processes have different etching rates which depend
on the material properties of the sample. The most
common application of anistropic wet etching method
is applied for the fabrication of crystalline materials
[38, 39]. The etching rate varies base on the plane of
the crystalline material and the concentrations of the
etchants. For instance, crystalline material like silicon
may have high anisotropic effect by using etchants,
e.g., potassium hydroxide (KOH), ethylenediamine
pyrocatechol (EDP), tetramethylammonium hydroxide
(TMAH), etc. The typical applications for anisotropic
wet etching are J-FET arrays, solar cell anti-reflecting
surfaces and waveguides.
In 1983, a series of electrochemical measurements
of n- and p-type Si wafers with crystal plane of {1 0 0}
and {1 1 1} were analyzed to study the importance
of the orientation dependent etching [40]. Potassium
hydroxide (KOH) was used as etchant for the anisotropic
wet etching process. Researcher [41] attempted to
study the reaction mechanism and key features of all
alkaline anisotropic etchants upon silicon materials.
In the study, experimental data were analyzed base
on the anisotropy, selectivity and voltage dependence
of anisotropic etchants. In the conclusion, the concentration of molar water and pH value are the two
key parameters for the etching behaviour of alkaline
solutions. In 1995, a research group in IBM’s Microelectronics Division, USA [42], was using an etchant
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consisting of ethanolamine, gallic acid, surfactant,
catalyst and water for anistropic wet etching on the
three major crystal planes of silicon. The objective
was to study the catalytic control of anisotropic wet
etching rate. During the experiments, chemical etching
method was strongly influenced by a variety of
oxidative catalysts. The results were categorized into
three groups by how fast catalysts can accelerate
the chemical etching rate of a specific crystal plane
compared to the uncatalyzed rate: two to five times;
less than twice and below the uncatalyzed level.
Different from anisotropic wet etching process,
the etching rate is same in all direction for isotropic
wet etching [43]. It is suitable for removal of predamaged surfaces, rounding of pre-etched sharp
corners, fabricating the structures on single-crystal
lattices, and producing large geometries. Similar to
anisotropic wet etching process, the plane of the
crystalline material and the concentrations of etchant
are the important factors for etching rate in isotropic
wet etching process. The common etchant is the
mixture of hydrofluoric acid (HF), nitric acid and acetic
acid for crystalline materials. The etching rate is
affected by the concentration of each chemical etchant.
In some researches, isotropic wet etching was combined
with laser surface texturing technique [44]. The
concave micro lens arrays were fabricated by a third
harmonic Nd: YAG laser on a gold film which coated
on a glass substrate. Followed by the isotropic wet
etching process, the exposed area on glass substrate
was etched by using hydrofluoric acid solutions (refer
to Fig. 4). In the study, the effects of various types of
HF solutions on etching efficiency were analyzed.
Recently, a research group applied isotropic wet
etching technique to fabricate desired texture for
light guidance application [36]. HNA based etchant
solution is used to produce the surface structure of
300 μm deep channel with smooth wall. The etchant
composition was selected by surface quality of etching
process and etching rate. A spin etcher tool was used
to further reduce the surface roughness. This method
was able to produce deep isotropic channels in optical
quality (refer to Fig. 5).
3.3

Plasma etching

Plasma etching is a mature technique specific for the
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Fig. 4 Schematic of the etching process flow [44].

Fig. 5 Image of a 300 μm deep channel which has a channel
wall in optical quality [36].

fabrication of microsystems and surface texturing
[45]. From the mid-1960s, the mechanisms of plasma
etching were first introduced as a revolutionary
technique for the fabrication of integrated circuit [46].
In the 1970s, it was widely accepted and expected to
be an important fabrication technique in the industry
of semiconductor and other applications requiring
fine-line lithography [47]. In general, plasma etching
undergoes a chemical reaction between the solid
atoms from the substrate material and gas atoms
from the gas etchant. The gas etchants are in the form
of molecules, but not chemically reactive enough to
fabricate the material surface. The role of plasma is
to dissociate the molecules of the gas etchant into
reactive atoms in order to be sufficient in the task of
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fabrication. Over the years, various plasma etching
techniques are introduced, and radio frequency (RF)
sputter etching technique is still the most common and
core plasma etching technique for surface texturing.
The radio frequency (RF) sputter etching method
was first introduced from IBM [48], and was found
to be very useful for fabricating thin film resistors on
Cr-SiO films. The 11/4 inch silicon wafers were used as
the substrates pre-coated film with a 1.5 μ thickness.
Kodak thin film resist (KTFR) was used as the resist
through the sputter etching (refer to Fig. 6). From the
results, RF sputter etching demonstrated its universality
and ability to prevent under-cutting. This technique
is able to etch any kinds of substrates with standard
photoresist. Later, fluorine and chlorine-containing gas
etchants were introduced to RF sputter etching [49].
The compositions of gas etchants are CF4, CCl2F2,
CCl3F, CHCl2F, CHClF2, (CCl2F)2, CCl2FCClF2 and
(CBrF2)2. The etching rate is enhanced by using
fluorine and chlorine-containing gas etchants on Si,
quartz, glass, Al, Mo, stainless steel and photoresist.
From the results, RF sputter etching method with
fluorine and chlorine-containing gas etchants is
characterized as a high rate, precise and dry etching
technique.
Recently, the work from Aizawa and Fukuda
developed a high-density RF-DC plasma etching
system (OXP-1; YS-Electrics, CO. Ltd.) to fabricate the
diamond-like carbon (DLC) coating via PVD/CVD on
the SKD11 substrate (refer to Fig. 7) [50]. The oxygen
gas instead of hazardous etchants such as CF4 was
attained with high etching rate. During the etching
process, the specimens were fixed on the cathode
table before evacuation down to the base pressure of
0.1 Pa. The chamber was filled with a carrier gas to
attain the specific pressure. With the use of magnetic

Fig. 6 Sputter-etching of thin-film resistors [48].

Fig. 7 Schematic diagram of high-density plasma etching
system [50].

lens, the ignited RF-DC oxygen plasmas were focused
onto the surface of specimens during etching. The
RF-voltage, DC bias and pressure were selected to be
250−450 V and 25 to 40 Pa respectively.
3.4

Three-dimensional printing

Three-dimensional printing (3DP) is a revolutionary
bottom-up fabrication technique. Compared to traditional top-down fabrication techniques, it has many
advantages like moldless production, cheap manufacturing, less waste and the ability to produce complex
structures. The method was introduced by Charles
Hull and first known as stereolithography in 1980s
[51]. Early 3D printing method spreaded the material
powder layer by layer and used binder material
printed by ink-jet to selectively bind the powder in
order to produce the parts [52]. After all the layers
were finished, the unused powder was removed to
complete the process (refer to Fig. 8). The parts were
designed by CAD with complete freedom in complex
geometry, surface texture and material composition.
The potential material selection includes any materials
which are available in a particle sized powder form,
e.g., polymers, metals and ceramics [53−56].

Fig. 8 The sequence of the operations in 3D Printing [52].
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Recently, a new developed super-resolution 3D
printing system was introduced by using electrohydrodynamic (EHD) method [57]. It was able to directly
fabricate micro-structures on the substrate surface with
phase-change inks. The material of phase-change ink
was wax which can be quickly solidified under room
temperature after printed onto the substrate surface.
The printing system consists of a XYZ precision stage,
a thermal control unit, a pneumatic dispensing system
and a high voltage supply (refer to Fig. 9). The formation and size of droplet can be predicted by finite
element analysis (FEA) model. The EHD 3D printing
technique is capable of fabricating high aspect-of-ratio
and high resolution (sub-10 μm) surface structures
(refer to Fig. 10).
3.5

Laser surface texturing

Laser surface texturing (LST) in particular is regarded
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as an important technique to enhance tribological
performance [58]. Over the decades, many researchers
[59−61] studied LST. In 1997, a research group was
applying neodymium-yttrium aluminum garnet (NdYAG) pulsed solid-state laser to modify the surface of
aluminum alloys [62]. The Nd-YAG laser emitted at a
wavelength of 1.06 μm and two main surface features
were produced: the non-periodic concentric ring
structure and the micro-crack pattern. From the
experimental results, both ring structure and microcrack could be tailored (pre-defined) to a certain
extent in order to improve the adhesive bonding of
aluminum alloys. One year later, a research group led
by Geiger [63] fabricated microstructures on ceramic
surfaces by excimer laser radiation to improve the
tribological properties under hydrodynamic and
elastohydrodynamic sliding conditions (refer to Fig. 11).
Ceramics obtain extremely high hardness, temperature

Fig. 9 (a) Schematic of the EHD 3D printing set-up system; (b) pulsating mode of EHD 3D printing of wax [57].

Fig. 10 Micro-structures printed from EHD 3D printing process. (a) Micro-pillar array; (b) close view of a single pillar; (c) square
with thin wall; (d) circular tube with thin wall [57].
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Fig. 11 Micro-structuring of ceramics by XeCl eximer laser radiation [63].

resistance and corrosion resistance. These material
properties made ceramics an excellent choice for the
application of wear and sliding. Excimer laser processing offers innovative ways to produce textures on
ceramics. Pulsed radiation emitted by excimer lasers
are in the UV range of the electromagnetic spectrum.
In particular, excimer lasers are effective for fabricating
microstructures with high resolution. This is benefitted
by the short wavelength (λ = 193–351 nm) and small
penetration depth of excimer laser radiation. This
method is able to modify the surface topography of
ceramics by changing surface roughness (Ra), even
fabricate microstructures with pre-defined geometric
properties to have positive influences on the sliding
properties, and increase lubricant film thickness or
serve as lubricant reservoirs.
In 2002, the same group [64] was using a mask
illuminated by laser beam to project its geometrical
information onto the surface (refer to Fig. 12) and

Fig. 12 Principle of the beam guiding system of an excimer laser
for use with masks [64].

focusing on the influence of micro textures by excimer
laser method on the tribological behaviour of tools in
cold forging process. A punch was applied in this
method to produce rivets and improve cold forging
tool life up to 169%.
A CO2 laser was used to fabricate micro-pores on
SiC surfaces by a research group in Tohoku University
[65]. Various textured specimens fabricated with
different intervals between the micro-pores were tested
and compared to non-textured specimen (refer to
Fig. 13). The effect of the micro-pore area ratio on
friction coefficient and the critical load for transition
from hydrodynamic to mixed lubrication regime were
studied. More extensive research works on LST were
done at Argonne National Laboratory, USA [66, 67] to
further understand the effect of micro-structures
fabricated by LST on the transition from boundary
to hydrodynamic lubrication regime. Friction and
electrical-contact resistance were measured by a pinon-disk setup in unidirectional sliding conformal contact
(refer to Fig. 14). The experimental results illustrated
that the range of the hydrodynamic lubrication regime
is expanded by LST in terms of load and sliding
speed. In addition, micro-dimples produced by LST
were able to perform a significant reduction of the
friction coefficient compared to non-textured surfaces.
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Fig. 13 (a) Appearance of disk (left) and cylinder (right). Optical micrographs of pores on the disk surface produced by laser texturing:
(b) the pores with diameter of 100 μm; (c) the pores with diameter of 150 μm; (d) the pores with diameter of 200 μm [65].

Fig. 14 (a) Friction coefficients; (b) electrical resistance between
flat-pin and tested disks as a function of sliding speed at 5 N load
and higher viscosity oil lubricant [66].

Furthermore, the application of LST has been
expanded to bio-tribology in the recent years. In
the Netherlands, samples with well-defined surface
topography were used to unlock the “feel” of surfaces
by an experimental study on the relation between
surface texture and tactile friction [68]. The microgeometries of the metal samples were fabricated by
picosecond laser pulses, also used as injection molds
for thermoplastic polyurethane (TPU) samples in
experimental work (refer to Fig. 15). Friction measurements of skin against textured samples were carried
out by using a load cell (ATI Gamma three-axis force/
torque transducer, ATI Industrial Automation, Apex,
NC, USA). Under different normal loads, the coefficient
of friction strongly decreased for both textured metal
and TPU samples. In the further research, the role of
the skin microrelief in the contact between finger
and laser textured surfaces was studied [15]. An
experimental approach on the friction behavior of the
finger pad as a function of asperity geometry was
investigated. The surface textures used in vivo testing
were fabricated by LST to have evenly distributed
asperities with spherical tips. A new multi-scale model
was developed to analytically explain skin friction
behavior as a function of texture geometry, normal

Friction 4(2): 89–104 (2016)
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Fig. 15 SEM image (a) metal sample with tip radius R = 5 μm and spacing λ = 30 μm; (b) TPU sample with tip radius R = 1 μm and
spacing λ = 60 μm [68].

load and skin properties. From the observations of in
vivo measurements, the coefficient of friction (COF)
was found to increase with the increment of asperity
tip radius. With increasing asperity density, COF
increased as well. By using relatively simple analytical
expressions, the skin friction behavior may be estimated
as a function of asperity geometry and operational
conditions. Also, LST was proven to be a useful
technique to fabricate well-defined micro-textures to
study skin-tribology related researches.

4 Discussion
It is important to discuss the feasibility of fabrication
techniques for stainless steel. From the review of
state-of-art fabrication techniques, the pulsed laser
surface texturing (LST) is considered as the most
suitable method for producing the desired surface
structure on the stainless steel sheets (refer to Table 1),
i.e., directly by laser ablation. Picosecond and nanosecond lasers can be employed to create specific

Table 1 The advantages and disadvantages of chemical wet etching, plasma etching, LST and 3D printing.
Methods

Advantages

Disadvantages

Micro-casting

·Cheap
·Low cost
·Complex 3D component

·Need other micro-fabrication techniques to produce
the mold

Chemical wet
etching

·Low cost, simple process
·Highly selectivity
·Controllable etching rate

·Chemical Contamination
·Orientation dependent (the plane of the crystalline)
· Poor repeatability based on the influences of
temperature and concentration of etchant
·Undercutting.

Plasma etching

·High feature resolution
·Easy to control
·High reproducibility
·No liquid chemical waste

·High cost
·Poor selectivity
·Potential radiation damage

LST

·Dry process with physical contact
·Automated process
·Precise control of etching depth
·Able to fabricate on metallic workpiece

·time consuming
·high cost

3D printing

·Complex structures
·Low cost
·Rapid prototyping
·Automated process

·Limited raw materials
·Low feature resolution
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topographic features [69], such as grids (picosecond
laser), crater (nanosecond laser), and groove (nanosecond laser) patterns with different surface parameters.
Secondly, specific operational conditions can be used
for texture design aspects.
However, LST is a rather time consuming and high
cost fabrication technique. For this reason, stamping
(or pressing) and cold rolling, which are low cost
with fast production rate, can be applied for the
micro-fabrication with textured stamping dies and
textured cold rolling rolls by LST. Full upscaling of
the process is required to gauge the applicability of
the laser texturing process to industrial stamping die.
Primarily, a TUWI compression rig was used for
stamping process at Tata Steel (refer to Fig. 16) [69].
In the first stage, the roughness transfer capability
needs to be evaluated. After an initial texture pattern
was considered, the imprinting tests were carried out.
For texturing the cold rolling rolls, a 6-axis robot was
used by IK4-TEKNIKER along with a rotary axis during
the laser texturing process. Primarily, Tata Steel Pilot
Mill (named the MultiMill) (refer to Fig. 17) in 4-high
mode was used for the cold rolling. The textured
work rolls are driven and supported by back-up rolls.
The strip was hand-fed in 150 mm wide strips with
length of 500 mm to 1,000 mm. As a result, the stainless
steel sheet was fabricated with the designed textures
by LST, stamping and cold rolling techniques. The
surface texture of samples was examined by SEM
and confocal microscope (refer to Fig. 18).
The dynamic sliding friction between the skin and
samples was measured by a multi-axis force/torque
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Fig. 17 Overview of the pilot rolling mills at Tata Steel, used
for rolling trials in Steeltac: (left) 4-high Multimill, and (right)
2-high “Bühler” mill, used for the STEELTAC project [69].

transducer (ATI Industrial Automation, Apex, NC,
USA). One conventionally finished sample (2G finish)
was conducted in the same friction measurement as a
reference sample for comparison. The testing finger
belongs to an adult male (32 year-old) with no-known
skin disease. The same finger (middle finger of left
hand) was used for all texting samples during the
measurements. The stroke length was 30 mm and the
sliding velocity was kept as constant as possible with
an average of 44.3 mm/s.
Base on the results of friction measurements, the
average COFs of micro-structured samples with predefined deterministic textures ranged from 1.05 to
1.26 compared to the reference sample with COF of
3.64 ± 1.04 (refer to Table 2). As shown in Figs. 19(a)&(b),
the micro-structured samples including laser surface
textured, stamped and cold rolled samples significantly
decreased the friction force between the skin and
counter-surfaces compared to the reference sample.
The results validated that the pre-defined deterministic
surface textures on stainless steel sheet produced by
laser surface texturing, stamping and cold rolling
fabrication techniques can greatly influence the friction
between the skin and counter-surface, in this case,
the skin friction was greatly reduced.

5 Conclusion

Fig. 16 (a) Overview of the TUWI compression rig used for
stamping, and (b) schematic of the key aspects of the set-up at
Tata Steel within the STEELTAC project [69].

Micro-casting, chemical wet etching, plasma etching,
laser surface texturing and 3D printing are the major
fabrication methods to produce predefined deterministic surface structures in micro scale detail. In
addition, micro-casting and 3D printing are able to
produce complicated 3D components. In comparison,
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Fig. 18 SEM images of samples (a) crater, (b) groove and (c) grid patterns; confocal microscope image of sample: (d) stamped and
(e) cold rolled samples [69].
Table 2 Friction measurements of all samples.
Sample name

Normal force (N)

Friction force (N)

COF

Groove (NS)

0.12 ± 0.03

0.13 ± 0.03

1.09 ± 0.09

Crater (NS)

0.18 ± 0.05

0.19 ± 0.06

1.05 ± 0.82

Grid (PS)

0.13 ± 0.04

0.15 ± 0.05

1.26 ± 0.55

Crater (Stamped)

0.16 ± 0.03

0.19 ± 0.07

1.23 ± 0.37

Crater (Cold Rolled)

0.18 ± 0.04

0.21 ± 0.06

1.18 ± 0.28

2G (Reference)

0.15 ± 0.04

0.51 ± 0.16

3.64 ± 1.04

Fig. 19 (a) The average values of COF of the dynamic friction measurements; (b) the average normal load versus friction force.

3D printing is a relatively new method, and its
innovative method of bottom-up processing offers
the potential to completely revolutionize the process
of surface texturing. In this review, the mechanism
and application of all five categories of surface texturing
techniques are introduced, and each method has its
advantages and disadvantages (refer to Table 1). Also,

it is important to understand that one method may be
more appropriate than the other in a given application
or producing a specific surface structure.
The needs for the surface structures in industrial
and scientific fields are not stalled, and the surface
texturing techniques are always evolving. From
chemical wet etching to 3D printing, or from a

Friction 4(2): 89–104 (2016)
traditional method to a revolutionary bottom-up rapid
processing method, surface texturing techniques are
improving and innovating continuously.
In this paper, LST is chosen to be the main
fabrication method for producing the surface texture
due to its accuracy and ability to fabricate on stainless
steel sheet material. For large production, the industrial
stamping and cold rolling processes can be used,
based on imprinting the negative of the design, to
lower the cost and fabrication time. Again, LST has
proven its feasibility in creating the negative at the
involved forming tools, although only at laboratory
scale yet. Based on the friction measurement tests,
the predefined deterministic textures greatly reduced
the dynamic friction between the skin and microstructured samples compared to the reference sample
which has a stochastic surface.
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